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S U MM A R Y
S E T T I NG : Measures to control tuberculous infection are
crucial to prevent nosocomial transmission and protect
health care workers (HCWs). In Portugal, the extent of
implementation of tuberculosis (TB) control measures in
hospitals is not known.
OB J E C T I V E : To determine the current implementation
of preventive measures for tuberculous infection at
administrative, environmental and personal levels in
Portuguese hospitals.
DE S I GN : A cross-sectional evaluation was performed
using two anonymous questionnaires: one sent to all the
hospital infection control (IC) committees and the other
sent to all pulmonologists and physicians specialising in
infectious disease.
R E SU LT S : Fourteen IC committees and 72 physicians
responded. According to the IC committees, 92% of
hospitals had a written TB control plan, but only 37% of
the physicians said there was always/almost always a
fast track for diagnosing suspected pulmonary TB cases.
The majority of the hospitals had an isolation policy
(85%) and these patients were always/almost always
admitted in separate rooms, according to 70% of
physicians. Both HCWs and TB patients used respira-
tory protection equipment (92%).
CONC LU S I ON : These findings indicate that the most
basic TB IC measures had been undertaken, but some
TB IC measures were not fully implemented at all
hospitals. An institutional effort should be made to solve
this problem and strengthen TB prevention activities.
K E Y WORD S : nosocomial infection; prevention; TB
TUBERCULOSIS (TB) IS A MAJOR cause of
morbidity and mortality in many countries and a
significant health problem worldwide. According to
the World Health Organization (WHO), there were
more than 9 million new TB cases and approximately
1.5 million deaths due to TB in 2014.1 In Portugal,
TB incidence in 2014 was 20 new cases per 100 000
population. Despite reductions in recent years,
Portugal still has one of the highest TB incidence
rates among European Union countries.2
Health care workers (HCWs) are at particularly
high risk of tuberculous infection due to frequent
exposure to patients with active pulmonary TB. The
risk of TB transmission in hospital personnel is 2–10
times higher than among the general population.3
The risk of exposure to TB is thought to be higher in
pulmonology/infectious disease wards due to the
larger number of contagious patients managed in
these wards.4
To prevent TB transmission in health care settings,
the US Centers for Disease Control and Prevention
(CDC) and the WHO have recommended several
infection control (IC) measures and prevention
programmes.5,6 These programmes are based on a
three-level hierarchy of control measures, involving
administrative controls, environmental controls and
the use of respiratory protective equipment. Admin-
istrative controls affect the largest number of people
and are intended primarily to reduce the risk of
exposure among non-infected people. Environmental
controls are designed to prevent the spread and
reduce the concentration of infectious droplet nuclei
in ambient air. Use of respiratory protection equip-
ment can further reduce the risk of exposure among
HCWs to infectious droplet nuclei that have been
expelled into the air from a patient with infectious
TB.5
However, despite these measures, nosocomial TB
outbreaks continue to occur in many countries.7–9 In
Portugal, high levels of active TB in HCWs have been
reported. For example, a descriptive study of active
TB cases identified in occupational health screening
between 2005 and 2010 found that 62 of the 6112
HCWs evaluated had active TB.10 These findings
emphasise the importance of information regarding
the implementation of TB infection prevention
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measures in every country, allowing governments and
health care associations to provide appropriate
support and enabling hospitals to follow recommend-
ed guidelines.
In Portugal, the extent of the implementation of TB
control measures in hospitals is not known. The
present study was conducted to determine current TB
preventive measures at all levels in Portuguese
hospitals, obstacles to implementation of TB preven-
tive measures, and the needs of hospitals to improve
TB prevention activities.
STUDY POPULATION AND METHODS
Data were collected using two anonymous question-
naires developed by the researchers of the study and
made available online from January to May 2016.
The first questionnaire, which collected data on
administrative and environmental measures, was sent
out by e-mail to all hospital IC committees. The
second questionnaire, which collected data on the
daily application of all three levels of TB prevention
measures (administrative measures, environmental
measures and use of respiratory protection equip-
ment) was e-mailed to all pulmonologists and
specialists in infection disease through their societies:
Sociedade Portuguesa de Pneumologia, Lisbon, and
Sociedade Portuguesa de Infecciologia, Lisbon, Por-
tugal, respectively. Responses to the questionnaires
were analysed descriptively. Categorical data were
described in percentages and numbers.
The Ethics Committee of the Institute of Public
Health/University of Porto, Porto, Portugal, ap-
proved the study protocol.
RESULTS
Questionnaire answered by infection control
committees
Of 40 hospital IC committees contacted, 14 respond-
ed to the first questionnaire (Table 1). Although 92%
of these hospitals had a written TB control plan, only
54% used regular audits to evaluate the efficiency of
their TB prevention system. In addition, 85% of the
hospitals provided HCWs with training on the
prevention of TB transmission within the hospital.
Assessments of TB isolation policies found that 85%
of responding hospitals had separate rooms for
patients with TB, with 50% of isolation rooms
having negative pressure and 57% having control
measures such as high-efficiency particulate air
(HEPA) filters to reduce the concentration of droplet
nuclei in adjacent areas.
Questionnaire answered by pulmonologists/infectious
disease physicians
The second questionnaire, designed to evaluate the
implementation of TB prevention measures at all
levels, was answered by 72 of a total 910 physicians
(Tables 2 and 3). In managing patients with suspected
or confirmed TB, 37% of these physicians reported
that there was always or almost always a fast track
for diagnosing suspected pulmonary TB patients,
with priority given to observation and examinations.
In addition, 83% of the physicians reported that
sputum was collected from these patients within the
first few hours after hospital admission.
According to 70% of physicians, patients with
suspected or confirmed TB were always or almost
always admitted to separate rooms. In addition,
84% of physicians reported that the doors of these
separate rooms were always or almost always
closed. Only 18% of physicians said that invasive
respiratory examinations were performed in rooms
with negative pressure. Of the physicians who
responded, 73% reported that information regard-
ing respiratory protection measures was always or
almost always posted on the doors of these rooms. In
addition, 78% of physicians reported that these
patients were always or almost always allowed
visitors, and 83% reported that education regarding
TB prevention measures was always or almost
always provided to these visitors.
With regard to environmental measures, 29% of
physicians answered that these isolation rooms had
natural ventilation, 58% responded that these rooms
had negative pressure and 11% said they had control
measures, such as HEPA filters, to reduce the
concentration of droplet nuclei in adjacent areas;
1% of physicians did not respond to this question. Of
Table 1 Administrative and environmental measures according to infection control committees
Administrative measures
Yes
n (%)
No
n (%)
No answer
n (%)
Existence of a written TB control plan 13 (93) 1 (7) —
Education for HCW about TB 12 (86) 2 (14) —
Regular meetings to evaluate TB control plan implementation 7 (50) 7 (50) —
Separate rooms for TB patients 12 (86) — 2 (14)
Existence of an antechamber in the separate rooms 9 (64) 5 (36) —
Environmental measures
Negative pressure in the separate rooms 7 (50) 7 (50) —
Presence of high-efficiency particulate air filtration to clean the air in separate rooms 8 (57) 6 (43) —
TB¼ tuberculosis; HCW¼ health care worker.
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the physicians who responded that their patients with
suspected or confirmed TB were never admitted to
separate rooms in their hospitals, 80% reported that
they were admitted to regular (non-isolation) rooms
wearing respiratory protection masks. The other
20% did not specify the measures applied to these
patients.
According to 91% of physicians, patients with
suspected or confirmed respiratory TB always or
almost always wore respiratory protection equip-
ment, and HCWs always or almost always used
respiratory protection equipment when in direct
contact with these patients. Patients most often used
simple face masks (51%), whereas HCWs most often
used N95 masks (87%) (Table 3). According to 88%
of physicians, patients with suspected or confirmed
respiratory TB wore respiratory protection equip-
ment while being transported within the hospital,
52% of whom wore N95 masks. In addition, 95% of
physicians reported always or almost always using
respiratory protection equipment when performing
procedures that involved an airborne risk (e.g.,
bronchoscopy, intubation) on patients with suspected
or confirmed respiratory TB.
DISCUSSION
The present study evaluated the implementation and
practice of TB IC measures in Portuguese hospitals
using online anonymous questionnaires sent out to IC
committees, pulmonologists and infectious disease
specialists. Study findings suggested that hospitals
had initiated the most basic TB IC measures, but that
some TB IC measures were not fully implemented in
all hospitals.
Comprehensive implementation of TB preventive
measures emphasises administrative control, envi-
ronmental control and respiratory protection. All
of these activities can substantially reduce or
eliminate transmission of TB.5 Administrative
control measures are the first and most important
level of control for the reduction of exposure
among HCWs and other patients to TB. The
results of this study revealed that most hospitals
implemented administrative control measures. Ac-
Table 2 Implementation of TB control measures in hospitals according to pulmonologists and infection disease physicians
Implementation of infection control measures
Always/almost always
n (%)
Sometimes
n (%)
Never
n (%)
No answer
n (%)
Administrative measures
Priority evaluation in the emergency room for patients with
confirmed/suspected TB
27 (38) 30 (42) 15 (20) —
Prompt sputum collection in patients with suspected TB 60 (83) 9 (13) 2 (3) 1 (1)
Patients with confirmed/suspected TB admitted to separate rooms 51 (71) 11 (15) 5 (7) 5 (7)
Closed door policy in the separate rooms for TB patients 61 (85) 3 (4) — 8 (11)
Written information regarding respiratory protection on the door of
TB patient rooms
53 (74) 8 (11) 2 (3) 9 (13)
Visits allowed for patients with suspected/confirmed TB 56 (78) 13 (18) 1 (1) 2 (3)
Information regarding TB protection measures given to visitors 60 (83) 8 (11) 1 (1) 3 (4)
Environmental measures*
Invasive respiratory examinations (bronchoscopy) performed in
separate rooms with negative pressure
13 (18) 12 (17) 45 (63) 2 (3)
Use of respiratory protection
Respiratory protection mask use by patients with suspected/
confirmed respiratory TB upon admission
66 (92) 6 (8) — —
Protection mask use by patients with suspected respiratory TB during
movement within the hospital
64 (89) 7 (10) — 1 (1)
Protection mask use by HCWs when in direct contact with confirmed
TB patients/patients with suspected TB
66 (92) 5 (7) — 1 (1)
Protection mask use by HCWs when performing procedures
involving airborne risk (bronchoscopy, intubation) in confirmed TB
patients/patients with suspected TB
67 (93) 2 (3) — 3 (4)
* Specific questions regarding environmental measures with other answer options are described in the text.
TB¼ tuberculosis; HCW¼ health care worker.
Table 3 Type of respiratory protection masks used in different situations
Conditions
Simple face
masks
n (%)
P1 masks
n (%)
N95/FFP2
masks
n (%)
Unknown
n (%)
No answer
n (%)
Patients with suspected/confirmed TB at admission 37 (51) 3 (4) 30 (42) 1 (1) 1 (1)
HCWs when in direct contact with suspected/confirmed TB patients 4 (6) 3 (4) 62 (86) — 3 (4)
Patients with suspected/confirmed TB during movement transport
within the hospital
30 (42) 3 (4) 38 (53) — 1 (1)
TB¼ tuberculosis; HCW¼ health care worker.
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cording to the IC committees of the responding
hospitals, most (93%) had written TB control
plans, although only 50% regularly evaluated their
daily implementation. These hospitals had estab-
lished policies for the isolation of patients with
confirmed/suspected TB, with 86% providing
separate rooms for such patients. In addition,
86% provided education to HCWs about TB.
However, only 38% of physicians said that
hospitals always provided a fast track for the
evaluation of these patients, 83% reported that
they always collected sputum during the first few
hours after hospital admission and 71% said that
these patients were always admitted to separate
rooms. These policies reflect the importance to
hospital administrations of preventing TB trans-
mission. However, successful prevention requires
that these measures be extended to all hospitals.
Protocols for the isolation of patients with suspect-
ed TB are among the most effective control measures
for the prevention of nosocomial transmission of this
disease.11 However, some hospitals (14%) still do not
provide separate rooms for these patients. In addi-
tion, the majority of patients with suspected/con-
firmed TB were not promptly evaluated upon
hospital admission. This can delay the identification
of patients with infectious TB and facilitate trans-
mission. Rapid screening of patients with suspected
TB on admission is a rapid, low-cost activity that
helps prevent the spread of TB to other patients and
HCWs and should be implemented in every hospital.
Another problem identified in our study was that only
half of the hospitals assessed the implementation of
these measures. Audits to evaluate compliance with
these guidelines are crucial, and should be regular
practice.
The second step of prevention is environmental
control, which aims to prevent the spread and reduce
the concentration of Mycobacterium tuberculosis in
ambient air by using ventilation systems. As recom-
mended by the US CDC, high-risk areas should have
negative pressure, and air ventilated to other areas of
the hospital should be cleaned using HEPA filters
and, if necessary, ultraviolet germicidal irradia-
tion.12 We found that only 50% of hospitals had
negative pressure systems in the isolation rooms for
TB patients, and only 57% had HEPA filtration to
clean the air. Moreover, in 63% of hospitals,
bronchoscopy was never performed in separate
rooms with negative pressure.
Our results are in agreement with other studies
that have reported problems with the isolation of TB
patients and ventilation of hospital rooms. For
example, a study evaluating the prevention of
nosocomial TB in hospitals in Thailand reported
that 80% of hospitals (n ¼ 524) had an insufficient
number of isolation rooms, with approximately one
third having poor ventilation in these isolation
rooms.13 Another study that assessed nosocomial
TB in China14 found that only 46% of TB-
designated hospitals (n ¼ 88) segregated patients
with suspected TB.
Although we found some inadequacies in the
ventilation of rooms for TB patients, we only
evaluated secondary measures, which are an effective
but expensive complement. Our questionnaires did
not include questions about the use of primary
environmental measures, such as natural ventilation,
which can be cost-effective in some cases.15
Personal respiratory protection is the third recom-
mended measure to protect HCWs, other patients and
visitors from inhaling infectious droplets. Guidelines
recommend that HCWs and visitors should use FFP2/
N95 masks if there is a high risk of TB transmis-
sion.12,16 Simple surgical face masks are not consid-
ered individual protection equipment for these groups
and are reserved for TB patients to minimise direct
transmission of exhaled bacteria to the environ-
ment.16 Individual protection masks with filtration
systems, such as P1 masks, are less effective than
FFP2/N95 masks in filtering particles (80% vs.
94%).17
In our study, 92% of physicians reported that
patients with suspected respiratory TB used respira-
tory protection masks upon hospital admission, with
51% using simple face masks. According to 92% of
physicians, respiratory protection masks were used
by HCWs when in direct contact with TB patients,
with 86% using N95/FFP2 masks. These results
suggest that most hospitals use personal respiratory
protection correctly, although only 46% of TB
patients used a particle respirator mask rather than
a simple face mask, as recommended, as the latter
may be less expensive.
These findings suggest some important problems
and needs, mainly related to rapid screening and
isolation of TB patients and the use of good
ventilation systems to prevent the spread of TB. The
type of respiratory protection equipment used by
patients was also not standardised. Finally, although
most hospitals have institutional guidelines, only
50% of hospitals evaluate compliance with these
measures. Because the risk of nosocomial infection is
present in all hospitals, and Portugal still has one of
the highest TB incidence rates among European
Union countries, efforts are needed to fully imple-
ment TB control measures and resolve the needs and
problems of these hospitals.
Our study had limitations associated mainly with
its design and approach to data collection. We used an
anonymous questionnaire, which is not a validated
data collection tool, and it is not clear how much
these online self-administered questionnaires can
describe the reality of IC conditions in hospitals.
Conversely, by using an easy, readily available and
anonymous tool, we could reach a wider number of
Nosocomial TB prevention 933
participants and evaluate the real-life application of
these measures as assessed by each physician.
CONCLUSION
The main objective of the study was to evaluate the
implementation and practice of TB IC measures in
Portuguese hospitals using two online questionnaires.
We observed that responding hospitals had instituted
the most basic TB IC measures. However, some TB IC
measures were not fully implemented in all hospitals,
emphasising the need for a nationwide effort to solve
this problem and strengthen TB prevention activities.
Our study nevertheless had some limitations with
regard to data collection, and did not evaluate other
important aspects of TB prevention, such as screening
hospital personnel for tuberculous infection. Addi-
tional studies are required to fully understand
nosocomial TB in Portugal.
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R E S U M E
CONT EX T E : Les mesures de lutte contre l’infection
tuberculeuse sont cruciales pour pre´venir la transmission
nosocomiale et prote´ger les prestataires de soins de sante´
(HCW). Au Portugal, on ne connaıˆt pas le degre´ de la
mise en œuvre des mesures de lutte contre la tuberculose
(TB) dans les hoˆpitaux.
OB J E C T I F : De´terminer la mise en œuvre actuelle des
mesures administratives, environnementales et
personnelles de pre´vention de l’infection tuberculeuse
dans les hoˆpitaux du Portugal.
S CH E´MA : Une e´valuation transversale a e´te´ re´alise´e
graˆce a` deux questionnaires anonymes, l’un envoye´ a`
tous les comite´s de lutte contre les infections
hospitalie`res et l’autre a` tous les pneumologues et
me´decins de maladies infectieuses.
R E´ S U LTAT S : Un total de 14 comite´s de lutte contre
l’infection et 72 me´decins ont re´pondu. Selon les comite´s
de lutte contre l’infection, 92% des hoˆpitaux avaient un
plan e´crit de lutte contre la TB, mais seulement 37% des
me´decins ont de´clare´ qu’il y avait toujours/presque
toujours une proce´dure rapide pour le diagnostic d’une
suspicion de TB pulmonaire. La majorite´ des hoˆpitaux
avaient une politique d’isolement (85%) et ces patients
ont e´te´ toujours/presque toujours admis dans des
chambres se´pare´es, selon 70% des me´decins. A la fois
les HCW et les patients TB ont fait usage d’e´quipements
de protection respiratoire (92%).
CONC LU S I ON : Ces re´sultats montrent que les mesures
de protection les plus basiques de lutte contre l’infection
tuberculeuse ont e´te´ entreprises, mais certaines mesures
de lutte contre la TB n’ont pas e´te´ comple`tement mises
en œuvre dans tous les hoˆpitaux. Un effort institutionnel
est ne´cessaire pour re´soudre ce proble`me et renforcer les
activite´s de pre´vention de la TB.
R E S UM E N
MARCO DE R E F E R ENC I A: Las medidas de control de la
infeccio´n tuberculosa son esenciales con el fin de evitar
la transmisio´n intrahospitalaria y proteger a los
profesionales de salud (HCW). En Portugal, se
desconoce la magnitud de aplicacio´n de las medidas de
control de la infeccio´n tuberculosa en los hospitales.
OB J E T I VO: Determinar el grado de aplicacio´n actual de
las medidas administrativas, ambientales y personales de
prevencio´n de la infeccio´n tuberculosa en los hospitales
portugueses.
M E´ TODO: Se llevo´ a cabo una evaluacio´n transversal
mediante dos cuestionarios ano´nimos, uno enviado a
todos los comite´s de control de infecciones (IC) de los
hospitales y el otro, a todos neumo´logos y los me´dicos
especialistas en enfermedades infecciosas.
R E SU LTADOS: Se obtuvieron respuestas de 14 comite´s
IC y de 72 me´dicos. Segu´n los comite´s, el 92% de los
hospitales contaba con un plan escrito de control de la
tuberculosis (TB), pero solo el 37% de los me´dicos
afirmo´ que siempre o casi siempre existı´a una vı´a
acelerada para el diagno´stico de los casos con
presuncio´n de TB pulmonar. La mayorı´a de los
hospitales contaba con una polı´tica de aislamiento
(85%) y segu´n el 70% de los me´dicos estos pacientes
siempre o casi siempre se acogı´an en salas
independientes. Los HCW y tambie´n los pacientes con
presuncio´n de TB utilizaban equipos personales de
proteccio´n respiratoria (92%).
CONC LU S I O´ N: Los resultados de la encuesta indican
que se han emprendido las medidas ma´s elementales de
IC tuberculosa, pero algunas no se aplican plenamente
en todos los hospitales. Es importante realizar un
esfuerzo institucional encaminado a solucionar estas
carencias y fortalecer las actividades de prevencio´n de la
TB.
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